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ABSTRACT 


The aim of this study is to igplement 2 
methodology to improve traffic regulations on 48 urbana 
Signalized network. It is assumed that passengers use two 
aifferent types of vehicles (the private automobile and the 


transit bus). 


In a first part, a computer program is written to 
evaluate the total passenger delay at signalized 


intersections, the traffic and the timing plan being given. 


The second part of this thesis investigates 
through specific cases the effect of Danning 2 left-turn, 


changing the mode split and creating reserved bus lanes. 


This research work has been sade with the idea 
that passenger delay is a more significant indicator of the 


quality of a network than vehicular delay. 
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CHAPTER I 


INTRODUCTION 


The early 1920's in North America saw many 
tiansportation developments. This waS the time of the rise 
of the automobile industry when the transportation problems 
in our cities became more significant. This was also the 
time when, mainly for safety reasons, the first traffic 
Signals were developed in the United States ; the entire 
idea was to give protection to pedestrians. Just a few years 
later the motorists started to worry about the time lost at 
signalized intersections and the idea of actuation or 
allowing for the actual presence of traffic did come into 
use in the latter part of the 1920's (12). Later, during the 
1930's, with the growth of the automobile traffic, solutions 
had to be found to the ever-increasing traffic problem in 
the United States. The traffic light which was originally a 
safety device for pedestrians became at the same time a tool 
to increase the capacity of a network. Simultaneously, the 
first synchronized systems came out on the market in order 
to reduce the delays imposed on the drivers. Bridging the 
years, we reach the 1970's when saturation of the traffic 
networks in most of the North American and European cities 
is such that traffic lights just cannot solve the problen 
anymore. The only feasible answer which allows a more 
efficient movement of people is mass transportation. AS a 
matter of fact, the idea is not very new. Saltzman (16) 


states that: "Prior to 1912, electric street cars and rapid 
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transit railways were prosperous monopolies that carried 
almost all urban passenger trips.". Originally, these public 
transportation companies had been promoted to make profit; 
but for many reasons, namely: the increasing costs , the 
fixed fares, the lack of capital, some regulatory problems, 
and the antitrust legislation, transit ridership has, for 
the past fifty years, slowly and predictably declined, 
causing many bankruptcies. Today, we must redress the 
tendency to face the traffic problem in our cities. For this 
purpose, we have to attract the individual automobile driver 
in order to make him shift to public means of 
transportation. One way to do it, without imposing anything 
on him, is to increase the quality of service of the transit 


system and consequently of the network. 
1. STATEMENT OF THE PROBLEMS 


The aim of this study is to develop a method which 
could help the traffic engineer to find out some regulations 
which would increase the quality of service of any mediun- 
sized urban network. The method consists in a computer 
Simulation program which allows us to evaluate for any 
particular traffic regulation the total delay of people at 
the signalized intersections. By traffic regulation we mean, 
for example, a particular timing of the signals, the 
pechibition oof a left turn, the closing of a street, the 
creation of an exclusive bus lane or a similar regulation. 
In fact, this thesis investigates the relationship between 


the total delay of people at signalized intersections and 
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the network and traffic characteristics. 
Ce ULMITATIONS 


While this study could be used for any mediun- 
Sized urban area (up to 10 to 20 signalized intersections), 
at any time of the day, it has only been tested with 
Fdmonton data and has been done with the peak hour in mind. 
Many parameters allow a calibration to almost any kind of 
problem, however, at off-peak hours, random variations of 
traffic are such that the simulation model can be considered 
as too rough to give usable results. Two other very basic 
assumptions which, in a way, restrict the study, should 
always be kept in mind. First of all, the traffic flow is 
supposed to be constituted only by two types of vehicles: 
the private automobile and the transit bus. All other 
vehicles are converted into one of these two types with 
regard to their size and to the number of people they are 
supposed to serve. Secondly, trying to increase the quality 
of service of the network, we are interested in reducing the 
total delay of people at signalized intersections (TDPST). 
For this purpose, we assume that every minute someone waits 
is equally important whether he just arrived at the 
intersection or he has already been waiting for half-an- 
hour. Only the total delay interests us. In other words, a 
reduction of the TDPSL could eventually increase 
considerably the delay at one particular intersection. In 
this case, it is up to the traffic engineer to decide 


whether or not to improve the network in such a way that the 
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community interest does not inflict too much on some 


particular people. 


CHAPTER if 


REVIEW OF PREVIOUS WORK 


Traffic problems are generally very complicated 
because they involve a large number of parameters which all 
vary almost randomly. Therefore, any analytical study 
becomes rapidly too complex to be handled manually. Until 
1956, most of the solutions which were proposed came out 
rather empirically. Even though not sophisticated, they were 
good enough to help a lot; the only thing was that the 
trial-and-error method was not the most elegant and was very 
time consuming. D.L. Gerlough (7) was about the first to 
realize that: "The electronic computer offers promise of 
becoming a powerful tool in studying the flow of 
trafiicat .%y He built avery microscopic model where 
vehicles were represented by binary digits, and simulated, 
in this way, the traffic on a freeway. Although this 
approach is henceforth out of date, it presents a historical 


interest and thus, should be noted. 


About 10 years later, the idea of using the 
computer had come its way and simulation became a more 
common practice. This was the time when F.A. Wagner Jr. and 
D.L. Gerlough (19) made a traffic network model called 
TRANS, for the purpose of evaluating the effect of traffic 
Signal settings on traffic flow in a street network. TRANS 
had a more macroscopic character and, therefore, individual 
vehicles were not identifiable anymore; they were handled in 


groups and positions were accounted in terms of relatively 
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coarse elements of the roadway. Although operational for 
research purposes and having been successfully utilized in 
preliminary studies, TRANS was not a practical tool for the 
traffic engineer. The following step was made at about the 
Same time by S.B. Miller (10) who set up a criterion in 
order to measure the performance of signal settings. He 
Simulated the traffic on a computer which calculated the 
number of stops and the trip delay as well. The criterion 
used was a weighted sum of stops and delays. When a specific 
number was required, he used one stop as equivalent USRUTS 
seconds of trip delay. After hin, dois people began to use 
this criterion more and more extensively and two 
considerable programs of research were carried out 
Simultaneously, in North America under the name SIGOP, and 
in Great Britain under the name TRANSYT. As we could expect 
it, we shall find many similarities in these two studies 


which we are going to examine in detail hereafter. 
1. SIGOP 


The SIGOP traffic SIGnal OPtimization program is a 
method for determining the cycle times, phase splits and 
offsets (see glossary in Appendix D) in a Signalized roadway 


petworm (3) (9)0 (23)". 


METHOD: The cycle time, which must be the same for 
all the signals in the network, is given by the user. The 
phase splits are determined by distributing the available 
green to each stage in proportion of the total flow on that 


Stage ..ot, jalttertetively., s00. proportion tov the’ flow ratio 
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{average arrival to saturation flow) on that stage. The 
distribution of the green is subject to minimum green 
restraints . The calculation of the offsets is the major 
optimizing feature of SIGOP. First, the optimum differences 
of offsets for the signals at each end of each link are 
calculated for each link. Then, the optimization procedure 
minimizes a weighted Sum over all links of square 
differences between the actual and optimum offsets. Usually 
the weighting factors are the flows on the links, but other 
arbitrary values of weights may be used. Since the procedure 
finds the local minimum adjacent to the starting settings, 
the calculation is carried out for a number of randomly 
chosen starting points and the best result is selected. This 
optimization procedure is supposed to provide the best 
biifisets for at given: cycles time). Tolicomparel differenth« cycle 
times, a very Simple simulation is carried out to estimate 


delays and stops in the network for every cycle time. 


FIELD TESTING: The Simulation used to find the 
best cycle time evaluates each link independently and under 
the assumption of unimpeded flow; therefore, the results are 
not well suited to before-and-after comparisons of settings. 
However, if one takes the point of view that the object is 
to produce signal settings, the performance of SIGOP in 
actual field testing has been reasonably good. Good results 
have been reported in Washington,D.C., Baltimore, New Haven, 


Louisville, Kansas City and in Glasgow, Scotland. 


2 TRANSYT 
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TRANSYT (TRAffic Network StudY Tool) is a method 
tor determining fixed-time traffic signal settings which has 
been developed by the Road Research Laboratory in England 
(14) (2514 (18). The aim of this method is to minimize a 


linear function of delays and stops of the vehicles. 


TRANSYT TRAFFIC MODEL: A computerized traffic 
model is used to evaluate the different plans. It calculates 
a linear function of delays and stops of the vehicles: the 
performance index. The data given to carry out this 
eaitCoviatr.on- reter fo (2 firstly, the network!,.. whichis 
represented by nodes interconnected by links; secondly, the 
trattic, that is to say the flow which wants to get through 
the network and its behaviour through the nodes -and the 
links; and thirdly, the timing plan of all the signalized 
intersections, which means the cycle length, the split and 


the offset for each node. 


TRANSYT OPTIMIZATION PROCEDURE: The procedure used 
consists in altering the offsets of the signals in order to 
minimize the performance index which 1s computed at every 
iteration. It helps evaluating the improvement, if any, and 
finding the next trial offset by comparing results with the 
previous runs. One at a time, the offset of each signal in 
turn is adjusted in this way; the signals are dealt in an 
order which has to be specified. To reduce the possibility 
of obtaining a poor local optimum, both large and small step 
sizes are used in the alteration of the offset for the 


iterative procedure . The amount of calculation required to 
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compute the performance index is reduced by noting that, at 
every iteration, the delays and the stops only change on the 
tanks (Whach»olead to »thenoignalizedidintersectiion which is 
currently optimized. In order to simplify the optimization 
procedure and to reduce the computer time, it is possible to 
group some intersections by setting their offsets between 


each other. 


TRANSYT COMPUTER PROGRAM: On the 16,384-word core 
store computer of the Road Research Laboratory, a network up 
to 165 links can be studied. For the normal sequence, in 
which both offsets and stage durations are optimized, the 
solution time is given by: 

TS = 8*N*L*10exp(-3) minutes, where 
N is the number of nodes and, 


1 the number of links. 


ACCURACY (VOPR “TRANSYT? Ali nougdh! tt 15) difficult’ to 
check results with field data, the TRANSYT traffic model has 
given accurate predictions (within 5%) on an experiment 
conducted by the Road Research Laboratory on Cromwell Road 
in London. On the other hand, the optimization procedure has 
been proved to be very little affected by the initial signal 
settings. The TRANSYT method has been used to prepare signal 


timing plans for Glasgow and West London. 
3., CURRENT RESEARCH 


Independently of these two extensive studies in 


the field of area traffic control, some recent work has been 
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done aiso by 8. Gartner (5) to reduce the vehicular delay on 


Signal-controlled links. This microscopic analysis which 


link after a signaiized intersection kas been done with tke 
idea of using the results in a dynapic process to regulate 
the various flows. Concerning the delays, we should aiso 
mention the studies carried out by E.F. Alisop {1) in the 
field of fixed-tigzge traffic signals; his theoretical 
approach summarizes helpfully gwzany practical resuits in this 


field. 


Sp to this point, Fost of the research efforts 


which have been reported concern the reduction of tke 
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vehicular dela 
Cther traffic reculations like reservin a bus lane oF 
closing a street have been studied in many particular cases 
(2) (4) (11) but practically no sethod is available for the 
traffic engineer to acasure their efficiency. Another point 
should be noted: azong all the sisulation studies which have 
been reported to this date, the only deiey which is always 


used is the vehicular delay. That is to say that in the case 


of mixed traffic, the delay of a transit vehicle is weighted 


ec 


a 2.6 or 2.5 private cars, which holds =rue in teras of 


capacity of the roadway. In teras of delay, a transit 


carries generaliy 1 to C€ times as sany people as an 


automobile. The only person who, firstly, used this sotion 
of passenger delay instead of vehicular delay was 


£.I.Robertson in a fifth version of FRANSYT which was tested 
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out in Glasgow, Scotland, DyA’the tend of 1972. No final 
report has been issued as yet about it, but, it has been 
predicted through TRANSYT version 5 which minimizes the 
total passenger delay, that the new timing plan would get a 
17 percent reduction in bus delays achieved at the expense 
of a 2 to 4 percent increase in delay to the other traffic. 
Bus journey speeds have also been increased by about 6 


percent 425.) 3 
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CHAPTER III 


THEORY 
7. APPROACH TO THE PROBLEM 


Traffic signals commonly imply delay since they 
are used to share a carriageway between conflicting traffic 
streams. In the case of a heavy flow, this inconvenience is 
generally impossible to avoid, even with a sophisticated 
Bon ghacniettiee of the lights; volumes on the network are 
such that the only purpose of the signal is to stop some 
vehicles in order to let other ones get through the 
intersection. In this case, the vehicle behaviour is 


illustrated by G.F, Newell (13) on Figure III-1: 
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FIGURE ITI-1s 


TRAFFIC FLOW PATTERNS ON HEAVY CONDITIONS 
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Every curve represents the flow of a bunch of cars through 
two consecutive traffic signals. Some current behaviours 
appearing on the plot {A,B,C,D and EF) are described 
hereafter: 

"A" stops first at the intersection number 1, then, leaves 
the queue to reach the intersection number 2 in the second 
position; therefore, "A" must stop behind the stop line 
number 2. 

"BY ocands."C" must also stop and Line up at the intersection 
number 1. They are respectively in second and third position 
behind "A", "C" has to wait less than "B" which has to wait 
less than "A", The first vehicles which are stopped by a red 
light, being delayed the most. When "B" reaches the second 
intersection, it must stop a short while and "C" can proceed 
without stopping. Yet, "C" is delayed since its speed must 
be reduced to not hit the first vehicles in the queue which 
are just starting and accelerating. 

"D" is a vehicle which does not stop but is delayed at both 
intersections. 

SE" proceeds at a constant speed through the first 
intersection and, then, must decelerate and start queuing up 
at the second one. 

These straight-forward observations constitute the very 
basis of our study. Another secondary phenomenon should, 
however, be noted on the same plots Fito S ) called  olatoon 
dispdrsion {17). At the ltime 11, the vehicles are leaving 
the intersection number 1: they are, one after the other, 


accelerating to reach a certain speed; but the speeds they 
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are aiming for are differant. The first vehicles discharging 
the queue are going faster {greater slope on the curve) than 
the next ones which respect the car-following laws (6). This 
is why the spaces between flowing vehicles at the time T1 
are much smaller than they are at the time T2. This platoon 
dispersion affects the pattern of arrivals in the queue, 
but, for the departures, one should note on the plot, that 
the time intervals between the crossing of the stop line by 
successive vehicles are, approximately, equal. These results 
have been obtained in the field and experience has shown 


that they hold true in most cases. 


Wy) ECTIVE RE 


TIME 


STOP LINE 
NUMBER 2 


EFFECTIVE RE 
STOP LINE . 


NUMBER 1 


DISTANCE 


FIGURE ITI-2: 


SIMPLIFIED FLOW PATTERNS IN HEAVY CONDITIONS 
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In our study, the flow patterns we use are somehow 
Simplified. They sketch the actual vehicle behaviour without 
affecting the delays too much. The types of curves used are 
represented on Figure III-2; deceleration and acceleration 
times have been reduced to zero. Each vehicle is assumed to 
have a constant speed between two consecutive stops. 
However, all vehicles do not have the same speed; they 
travel slower and slower at the beginning of the discharge 
until part of the queue is filled up. Afterwards, the 
following vehicles travel at a constant average speed. The 
delays are simply represented by the horizontal sections of 
the curves. The total sum of their various lengths is a 


measure of the vehicular delay. 
2. DEFINITIONS AND NOTATIONS 


Capacity is defined first. According to the 
Highway Capacity Manual, (8), it “is the maximum number of 
vehicles which has a reasonable expectation of passing over 
a given section of a lane or a roadway (...) during a given 
time period...", In the case ne Signal-controlled 
intersections, the capacity of an approach is also the 
maximum value of its saturation flow which is defined by 
F.V. Webster (20) as the "flow which could be obtained if 
there was a continuous queue of vehicles and they were given 
100 per cent green time". This saturation flow (s) can _ be 
easily estimated by knowing the various characteristics of 


the approach and, essentially, its width and the proportions 


of large vehicles and turning traffic. Webster has shown 
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(20) that s is proportional to the width of the approach 
(see Appendix A). Usually expressed in terms of passenger 
car units (p.c.u.'s) per hour of green time, s is calculated 


with the following p.c.u. equivalents (20): 


1 heavy or medium goods vehicle TPS T HVE Sas 


1 bus = 29258 p.c ras 
1 light goods vehicle | = 1.60 p.c.u. 
1 private©’car =°491.00°p.erus 


Every left-turner is counted as 1.75 straight-ahead vehicle 
if there is an opposing flow, otherwise no conversion is 
needed. In the case of a heavy right-turn movement (more 
than 10% of the whole traffic), a correction is made 
counting every right-turner over the first 10% of the 
traffic, as 1.25 going-through vehicle. Capacity manual (8) 


uses different corrections. 


Concerning the timing of the signals, every set of 
traffic lights at one intersection has a cycle which is 
divided in a number of phases during which, different 
approaches (generally with not very conflicting traffic 
streams) are discharged at the saturation flow. As a matter 
of fact, it takes a few seconds of green before the 
Saturation flow is reached and, at the other end, a few more 
seconds of amber are needed for the flow to stop. "It is 
convenient to replace the green and amber periods by an 
effective green period" (20) during which flow is assumed to 
take place at the saturation rate. The cycle is, thus, 
roughly divided in effective green periods. Since, for 


safety reasons, and also for better operation (to let left- 
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turners clear the intersection), there are some periods 
during which no approach is discharging, we define the lost 
time as the difference between the cycle time and the sum of 
the effective green periods. For every approach, we then 
define the effective red period as the difference between 
the cycle and the effective green. Note that these 
definitions of the lost time and the effective red are 


Slightly different from Webster's. The following Figure 


{Fig. YII-3) shows an example: 


LAY-OUT OF 
THE INTERSECTION 


CYCLE LENGTH 


TIME 


FIGURE IIiI-3: 


SCHEMATIC DEFINITION OF THE EFFECTIVE GREEN AND RED 


The following notations will be used. Let: 
c = the cycle time, 
g = the effective green time, 
r = the effective red tine, 


q = the average rate of arrivals on the approach in pcu's 
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per unit of time, 

s = the saturation flow on the approach in pcu's per unit of 
time, 

d = the average delay to pcu's on the approach, 

A = “9/C “piven Che © proportion @of ‘the cycle that is 
effectively green for a particular phase, 

Y = q/s , i.@. maximum ratio of flow to saturation flow for 
a given phase, 

x = qc/gs = g/ s = degree of saturation, ratio of the flow 
to the naximum flow which can actually pass the 


intersection. 


Concerning the network, four definitions specific 
to our study must also be given. First, an external approach 
to an intersection is such that all the vehicles which are 
in it , always come from outside the network under study. As 
opposed to it, the other approaches are called internal . As 


a consequence, links leading to such approaches are 


respectively called external and internal 
3. CALCULATION OF DELAYS 


Even though quite helpful to understand the 
vehicle behaviour, the approach of the paragraph 1. 1s not 
suitable to an extensive calculation of delay over a whole 
network. The reason for this is, that one would have to draw 
curves, like on Figure III-2, to be able to evaluate the 
vehicular delays. This procedure is too long and even 
awkward in our particular case. We shall use the following 


method. 
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In an urban network with many synchronized traffic 
lights, the patterns of arrivals and departures of vehicles 
at any signal can be easily assessed in the case of an 
internal approach. The following diagram (Fig. III-4) shows 


an example: 


MAXIMUM NUMBER OF P.C.U.'S WHICH 
CAN CROSS THE INTERSECTION 


NUMBER OF P.C.U.'S CROSSING THE 
INTERSECTION 


NUMBER OF P.C.U.'S STOPPED, 
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DELAY KNOWING ARRIVALS AND DEPARTURES IN THE QUEUE 


By patterns of arrivals and departures, we mean the 
variation of the cumulative number of vehicles which have 
reached and left the queue over the cycle time. Arrivals are 
computed using the various counts and the signal timing of 


the various origins of the links leading to the approach we 
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are interested in. Departures are computed assuming that the 
vehicles leave the queue at the saturation flow during the 
effective green time. The knowledge of these patterns allow 
us to draw up the two curves of Figure III-4 which show the 
number of vehicles which have joined and left the queue. Any 
feu cokes strip of area between the arrival and departure 
curves has a length which is equal to the time a certain 
number of vehicles (the width of the strip) must wait. This 
can be integrated for all the vehicles crossing a sSignalized 
intersection during the cycle. However, since there is only 
delay when there is a stop, in other words, unstopped 
vehicles do not have a negative delay, only the area under 
the arrival curve and above the departure curve is a measure 


of the vehicular delay. 


This is true for internal approaches. In the case 
of external approaches, since we do not know the pattern of 
arrivals of the vehicles in the queue, this method does not 
work. We therefore use an estimation of the vehicular delay 


which is given by the Webster's simplified expression (20): 


| 2 2 
_ 9 [c(1-) x 
0 Jeter us ae 


A test on the accuracy of this formula is reported in the 


Appendix B. 


Finally, to get the passenger delay, an average 
occupancy per pcu is computed for every approach with the 
total number of pcu's and the total number of passengers. 
The passenger delay is, thus, equal to the vehicular delay 


weighted by the average occupancy of a pcu. The total delay 


re pulsed “wort obserut on | ihe i: 

| volts antotteq oeods te pe | xsi 
odd wola dohdy S101 oxneit to 8 eoviio ows oft qe vie ee 
qa SOUP oat tel Bas hoatet ovsd doaty ealsidey a sod 
sus seqeb bas feviris oi nogwted seus to giate fedex! 
nist3e0 6 omit edt of inape et aoidwe ddpaol & pad sovaus 
etdt -tiaw sane iqiatea end 20 dope oat) eeloidey Ss , 
poxiisapia: & paiee2ora eeloidev ent {le vod betaspedas od na. 
yino at ‘aiedt oonte \1avewon sofayo eda” patzus valebrps 
beqgosans, e670" red 90 nt gots s @t etodt andy vated 
. aebne “pers ons ‘qiao seatob evissped & ovd don ob seisheen tle 
euvesem 6 al avaae eiwszeqoh bs eVvodse bas evze Leviars, “9 | 


ew aabiohtere ony te | 
ges ody nt aed onozaqs isntetat x08 ona we atin, a a. 
hfe 


“te n2et3 Bq ott won toa ob ew somie .aoe>neraas fenredee Yo 
ton aeob horton add voustp oat nt aotakitey ae to eisv£t6 
ysiob islookitow gat to te £960 t9R0 ne ea ss0teT84) ow A308” 


2 fosy” eas sextitante a*sesnteu ed (4 nevie at Hoke 


a 

| ate at hetxoqes ai slumz0% add %o yontaon. oft fo tees aa ae 
te van ; a Sek | ; io a 
eee ee Ls fl ribasqqgk a) 

; cn ; Pe Ber ad Le aa . 7). 
OPSISVS. , om vested repnosnsg ody +99 of i Lemay bt ee p 
ae | ' me 7 


i” sas dpsorgg 6 ewe 10% fo3vano at 939 9g, FORAGE 

spenennsa 20 radaue Sieh #12 be 97909 20 zeduun Lares, | % 
oe sbaeticen of supe yepes vat “YeLes repaeeens, ade | 
7m en H DD SOHFONS 43:2d .Deadeton 


21 


of passengers at signalized intersections (TDPSI) is 
obtained by summing the results over all different 


approaches. 
4. THE RANDOM COMPONENT 


In the simulation model, the various flaws at the 
intersections are supposed to be the same at every cycle. As 
a matter of fact, they are variations which always increase 
the average vehicular delay. This poont Grp inent must be 


taken into account. 


For this purpose, we assume that fluctuations of 
the flow around the mean follow the Poisson curves of 
distribution. In other words, any approach has arrivals such 
that t being the time and dt a small interval, we have: 
probability (1 peu arrives in (t, ttdt)) =qdt + o(dt) and, 
prob. (more than 1 pcu arrive in (t,t+dt) )= o (dt) 

In this case, it has been shown (14) that the extra delay is 
a function of x, degree Ae) eeeara ety) on the approach. We 


° 2 
have: 


a, TGR 


Note, by the way, that this random component appears in 
Webster's expression of delay which also assumes Poisson 


arrivals. 
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CHAPTER IV 


THE SIMULATION MODEL 


This chapter explains in some details the way the 
Simulation model works. It is divided into three main parts 
which deal respectively with the data, the calculations and 


the results. 
1 THE DATA 


AS we already mentioned, we use three kinds of 
data which concern the network, the traffic and the timing 
plan. The description of the network constitutes the least 
changeable information; however, there are some exceptions 
to this rule: temporary parking lanes at some hours of the 
day are typical examples. On the other hand, traffic is 
basicdbtyd variabliey hsoe 2s theytiming*plan’Since fhe first 


aim of this model is to optimize it. 


The description of the network is made on the 
approach basis. That is to say that each approach of a 
Signalized intersection is given a nhumber (IAP) for 
identification purposes. These numbers must be positive 
integers and must not be greater than the total number of 
approaches. The rest of the information is, then, put in the 
form of arrays described hereafter: 
INTER(IAP) is the code number of the intersection to which 
belongs the approach IAP. It must be an integer not larger 
than the total number of intersections of the network. 


IDENT (IAP) can only be equal to 1, 2, 3 or 4; 
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"1" means that the approach IAP is a northern approach, 

"2" means that the approach IAP is an eastern approach, 

"3" means that the approach IAP is a southern approach, and, 
"4 means that the approach IAP is a western approach. 
IOPPO(IAP) is either equal to 1 or 0; 

"1" means that there is opposing traffic, and, 

"OM means that there is no opposing traffic. 

TWDTH (IAP) is the width of the approach IAP in feet. 

ILNGT (IAP) is the length of the link leading to the approach 
IAP. It is also given in feet. 

IWILI(IAP) is the width of the link in feet; this width is, 
in most cases, equal to IWDTH(IAP): it is used to compute 
the length of the actual queue knowing the number of 
vehicles and the area occupied by a vehicle in the queue, 
TSPID(IAP) is the average speed of the vehicles on this link 
considered when they have to stop a few seconds at every 
intersection (see the parameters RA1 and RA2 at the end of 
this section); this speed is expressed in miles per hour. It 
is through this parameter that allowances can be made for 
gradients and low accelerations because of poor traction 
(icy, streets) or any other reason. 

IORGN(1,IAP), IORGN(2,IAP) and TJORGN(3,IAP) are the code 
numbers of the approaches used as origins by the vehicles. 
When the origin approaches are outside the network under 
study, "99" indicates that it is an external approach. The 
presentation of the origin approaches is such that they 
cannot be more than three; it has been proved that this 


restriction does not limit the possibilities of the model. 
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ISTRT (IAP) is the number of the street if the approach is on 
a street. If the approach is not on a street, this parameter 
is equal to zero. 
TAVNU (IAP) is the number of the avenue if the approach is on 
an avenue. If (the “approach "is ° ui6t \"on *‘an’® avenue, ‘this 
parameter is equal to zero. It is assumed that every 
approach is always either on a street or on an avenue. These 
two parameters are not used in the calculations; they. are 
given to locate more easily the approach and to allow 
further implementation of the model regarding the drawing of 
intersections. 
IBSLA (IAP) is either egual to 0 or to 1. 
"1" means that the approach IAP is a bus lane and, 
"0" means that the approach IAP is ordinary. 
PARKN (IAP) is a positive number always smaller than or equal 
to one. "1.0" means that all the vehicles coming from the 
origin approaches get to the approach under consideration. 
"0.8", for example, means, that only, 80 per. .cent of s»then 
reach the approach under study. The remaining 2t per cent 
getting parked before. This parameter makes allowance for 
the effect of large parking facilities on the network. 
ITLTPC (IAP), -ETRPC (LAP) and IRTPC (IAP) are the volumes of 
passenger cars, respectively, turning left, going through 
and turning right during the hour under consideration. 
ILTBS (IAP), ITRBS (IAP) and IRTBS(IAP) are the volumes of 
large vehicles (mainly buses), respectively, turning left, 
going ebrough and turning right from this approach, during 


the hour under consideration. 
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Table IV-1 represents the print-out of this information from 
the computer. Each line of the array is entered in the form 
of a punched card. The end of the page shows also other 
types of information like the total number of intersections 
and approaches, the occupancies of cars and buses. In our 
example (see Table IV-1), we assume that E, the number of 
peu's a large vehicle is equivalent to, is equal to 2.20. 
The area A that a pcu occupies in the gueue is also given 
(300 sq.ft., in our example). This parameter is used .=to 
compute the actual length that vehicles can be driven before 
reaching the end of the queue. This length is a function of 
the number of vehicles in the queue, the area occupied by a 
vehicle, and the geometrics (width and length) of the link. 
The ratio between the saturation flow and the width of the 
approach is also entered as a parameter (92.0 in our 
example). The bigger the city, the larger this number is. 
Experiments carried out in London, England, have shown that 
160 was an accurate figure for British traffic (20). 

RA1 and RA2 are two ratios which describe the phenomenon of 
platoon dispersion (see Figure IV-1) in terms of variations 
of speed with the length of the queue to be reached. These 
parameters give a mathematical description of the simplified 
flow patterns seen in Chapter III. When there is no queue, 
the vehicles are supposed to travel at the highest speed; 
then, this speed decreases down to ISPID when a certain 
portion (RA2) of the link is filled up. Afterwards, it is 
assumed to stay constant. RA1 and RA2 are drawn from the 


observation of driving practices on the network under study. 
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LENGTH OF THE QUEUE 
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FIGURE IV-1: 


DESRIPTION OF THE PLATOON DISPERSION THROUGH RA1 AND RA2 


The timing plan constitutes the third part of the 
needed data for the simulation. We assume that the cycle, 
whatever its length, is divided in 20 equal sections of 
time. This convention is based on the fact that it is 
impossible to get more than 5 per cent accuracy due to the 
fluctuations of the traffic demand through the peak hour we 
are studying. We must keep in mind that our model considers 
the demand as being the same at every cycle, which is not 
true but compensated by the random component of delav. For 
each approach, the timing plan is described by two numbers 


Smaller than or equal to 20 and also greater than or equal 
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to 1. The first one gives the section of the cycle at which 
the effective green starts and the second one gives the 
section of the cycle at which the effective red starts. For 
¢€ach approach, by definition, the effective green finishes 
when the effective red starts and vice-versa. The lost time, 
if any, is the number of sections of cycle between the end 
of an effective green on an approach and the beginning of 
the effective green on a conflicting approach. The cycle 
length which is common for the whole network must also he 


given. 


Before ending this section, a particular problem 
must be evoked: How to treat turning lanes or bus lanes? The 
answer is rather simple. Any specific lane on any approach 
is considered as a particular approach having its own 
characteristics concerning geometrics, traffic and lights. A 
continuous bus lane which is for example 12 feet wide, only 
carries bus traffic and has its main origin in the preceding 
bus lane approach; the rest of tne pavement carries the rest 


off the tratfiicvon-arestricted’ width; 
2. TREATMENT OF INFORMATION 


Once the data have been read, some preliminary 
computations are necessary to aggregate the different kinds 
of vehicles through different movements and to assess. an 
average occupancy which will be used to convert vehicular 
delay into passenger delay. These calculations, made on the 
approach basis too, are carried out for both external and 


internal approaches. 
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READ DATA 


COMPUTATION OF 
EQUIVALENT CAR UNITS 
VOLUMES, LEFT-TURNING, 


APPROACH 
NUMBER 1 


RIGHT-TURNING, AND 
GOING THROUGH. 
CARS + E*BUSES 


NO MORE THAN 10% 
RIGHT -TURNS? 
YES 
PPOSING TRAFFIC? OPPOSING TRAFFIC? 
NO YES NO 


COMPUTATION OF EQUIVALENT THROUGH PASSENGER CAR UNITS VOLUMES 


RPCU= 1.75LT 


RPCU=1.75LT TRPCU= LT 


+THRU +THRU +THRU 
+RT +RT +RT 
+020 +0.25 


(RT OVER 10%) 


(RT OVER 10%) 


TOTAL NUMBER OF PASSENGERS = 
(NUMBER OF BUSES,.OCCUPANCY OF A BUS) 
+ (NUMBER OF CARS *OCCUPANCY OF A CAR) 


COMPUTATION OF THE AVERAGE OCCUPANCY OF 
AN EQUIVALENT THROUGH PASSENGER CAR UNIT: PCUOC 


TOTAL NUMBER OF PASSENGERS 


PCUOC = TRPCU 


YES 


IS THERE 


FIGURE IV-2: PRELIMINARY COMPUTATIONS 
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The flow-chart represented on Figure IV-2 explains 
to uS in detail the process followed. We have, for every 
approacnh,...the wleri=turning (LT), going through (THRU), and 
right-turning (RT) volumes of private cars and buses. For 
these three movements, we aggregate the volumes using the 
fact that every large vehicle is equivalent to E passenger 
car units. The next step consists in aggregating these three 
movements (LT, THRO and, ,RT),. and. converting them into 
through passenger car units volumes (TRPCU). For this 
purpose, we use the rules given by F.V. Webster (Webster, 
1966). Four cases are distinguished depending on the 
percentage of right-turners and also on whether or not left- 
turners are opposed. 

1 right-turner is counted as 1.25 through pcu for the excess 
over 10 per cent of the total volume. There is no conversion 
for less than 10 per cent righ-turners. | 

1 left-turner is counted as 1.75 through passenger car units 
if this movement is opposed by a conflicting flow with right 
of way (otherwise no conversion). 

We now have TRPCU for every approach. A simple calculation 
gives us the average occupancy (PCUOC) of an equivalent 
through ‘peus- Ne” Only, aaves*to divide the total passenger 
volume by TRPCU. PCUOC is the factor we will use later to 


convert the vehicular delay into passenger delay. 


The following part of calculations only concerns 


the’ -internab* “approaches. The *arrivals™ Pas? *weli”*asS°"the 


departures are computed for every internal approach. 
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es APPROACH FILL-UP DEPAR 
| "WITH ZEROS FOR 
Bye bee THIS APPROACH 


FIRST ORIGIN 
LEADING TO THE APPROACH 
COMPUTE THE EFFECTIVE 
GREEN OF THIS ORIGIN 


COMPUTE THE NUMBER OF 
PCU'S RELEASED DURING 
EACH SECTION OF THE 

EFFECTIVE GREEN 


FILL-UP DEPAR 
FOR THIS APPROACH 


OTHER ORIGIN? 


YES 


FIGURE IV-3: COMPUTATION OF ARRIVALS (Part 1) 


First of all, we use a two dimension array DEPAR 
which elements are DEPAR(ITIME,IAP). Each element is the 
number of pcu's leaving the various origins during the time 
interval (ITIME-1,ITIME) towards the approach IAP which is 


under study (see Figure IV-3:). The calculations needed to 
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fill-up this array are simple. For every origin approach, we 
divide the total number of pcus going to IAP by the number 
of effective green sections. The constitution of this array 
DEPAR is the primary step in figuring out the pattern of 


arrivals at the approach under consideration. 


WITH ZEROS FOR 
THIS APPROACH 


EXTERNAL 
APPROACH? 


FIRST EFFECTIVE RED 
SECTION OF THE CYCLE 


COMPUTATION OF THE 
DISTANCE TO REACH THE 
END OF THE QUEUE 


COMPUTATION OF THE 
SPEED OF THE PCU'S 


COMPUTATION OF THE 
TIME L (IN SECTIONS 
OF CYCLE) VEHICLES 
HAVE TO FLOW TO 

REACH THE QUEUE 


QUEUE(ITIME, IAP) = DEPAR(ITIME-L, IAP) 


IS RED LONGER? 


S THERE No 
CANOTHER APPROACH ee an 


FIGURE IV-4: COMPUTATION OF ARRIVALS (Part 2) 
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QUEUE is a second two dimension array which elements 
QUEUE (ITIME,IAP) are the numbers of pcu's in the gueue 
number IAP at the time ITIME of the cycle. In order to fill 
up this array {see Figure IV-4:) we use the facts that: 

1. No vehicle is waiting when the effective red starts, and, 
2. During one section of the cycle, the increase of the 
queue is equal to the number of vehicles which left the 
Various origins L sections before; L is the number of 
sections of the cycle it takes for the pcu's to reach the 
end of the gueue IAP. L is a function of the length of the 
link, the actual length of the gueve at this time, and also 
the average speed used. Platoon dispersion is taken into 


account through RA1 and RA2. 


The pattern of departures of the vehicles from the 
gueue is described through the use of a two dimension array 
DISCH which elements DISCH({ITIME,IAP) are _ the maximum 
numbers of pcu's which can discharge the queue number IAP at 
the time ITIME of the cycle. For any internal approach, 
DISCH is equal to zero at the beginning of the effective 
green and then, for each subsequent green section of the 
cycle, DISCH is increased by the maximum flow which can 
cccur at this approach during one section of the cycie. The 
saturation flow used for this calculation is assumed to be 
proportional to the width of the approach (see Appendix A). 
DISCH is equal to zero during the effective red sections of 


the cycle. 
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APPROACH FILL-UP DISCH 
| WITH ZEROS FOR 
> Biel Haare THIS APPROACH | 


TERNAL APPROACH? 
YES 


COMPUTATION OF THE 
NUMBER OF FCU'S 
DISCHARGING THE QUEUE 
AT THE SATURATION RATE 
DURING EVERY SECTION 
OF THE CYCLE 


FILL-UP DISCH 
FOR THE SECTIONS 
OF EFFECTIVE GREEN 


ANOTHER APPROACHES 


NO 


APPROACH NUMBER 1 


PASDL = 0 


FIRST SECTION OF 
THE CYCLE 


PASDL = PASDL+PCUOC,, (QUEUE-DISCH) 


STOP 


FIGURE IV-5: COMPUTATION OF DELAYS 
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By plotting for each approach the pattern of 
arrivals QUEUE and the pattern of departures DISCH through 
the cycle length, we get similar curves to those shown on 
Figure III-4&. The area which is below the QUEUE curve and 
above the DISCH curve is a measure of vehicular delay. We 
get the passenger delay (PASDL) by multiplying it by PCUOC, 
These calculations appear more clearly on the last part of 


the flow-chart (Figure IV-5). 


External approaches receive a special treatment 
because the patterns of arrivals and departures are unknown, 
We therefore assume that they follow the Poisson curves of 
distribution; by this way, the use of the Webster's 
Simplified expression of delay becomes possible. In this 
formula, the random component of delay is already included 


in the second part and does not need to be added up. 
3. THE RESULZS 


This computer simulation provides two forms of 
results. The basic results are on the print-out (see Table 
IV¥-2) of the computer. For each approach, they show: 


TRPCU = number of equivalent through passenger car units, 


PCUOC average occupancy of an equivalent through pcu, 


PCUDL average waiting time in seconds for each pcu at each 
approach under study (line IAP), 
TPCUD = vehicular delay in pcu's*hours during one hour of 


traffic, 


PASDL = Passenger delay in passengers*hours per hour, 
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PCUST = average number of pcu stops during one cycle length 
at this approach, 

PASTO = average number of passenger stops during one hour of 
traffic. These two results concerning the number of stops 
are not used in the optimization process. They are only 
given for an eventual further implementation of the model. 
Since their calculation was rather simple, it seemed to us 
interesting to do it and to print eke, 

INDEX iS a rough number which aggregates the results 
concerning stops and delays and, thus, allows us to point 


out rapidly where the problems are. 


INDEX = PAS .DELAY + PAS. STOPS CONVERTED INTO DELAY) FOR THIS APPROACH 


(PAS,DELAY + PAS, STOPS CONVERTED INTO DELAY) FOR ALL APPROACHES 


The total passenger delay which is considered as the main 
usable result of this simulation is given on the two last 
lines of the print-out. It is simply the sum of the column 
PASDL over all the approaches. The sum of PASTO is also 
executed and the result is given in the last line of the 


The second kind of results is constituted by the 
curves drawn on the plotting machine by the computer (see 
Figure Iv-6). They show the pattern of arrivals and 
departures for the internal approaches. The purpose of this 
plotting is to make the optimization of the timing plan 


easier by examining the shape of these curves. 
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CHAPTER V 


RESULTS 


In this chapter, the main results obtained through 
the use of computer simulation are presented. They deal with 
a few specific problems like optimizing a timing plan, 
creating a bus lane, banning a left-turn or changing the 
mode split. In order to get acquainted with the type of 
results we get, a Simple example constituted by an actual 
network of only two intersections is explained in some 


detail in the first section. 
1. A SIMPLE EXAMPLE 


Figure V-1 shows the network under study. There 
are two intersections numbered 1 and 2. Each intersection 
has four different approaches. This means that there are no 
special lanes for special movements or for the buses: all 
the vehicles, left-turning, going through and right-turning 
are mixed together at the approaches. There are 8 different 
approaches numbered 1 to 8. The traffic flows, expressed in 


vehicles per hour, are also shown on Figure V-1. 


We are going to optimize the timing plan for two 
different sets of conditions. In the first case, the network 
and the traffic are those described by Fig. V-1. In _ the 
second case, we assume the existence of two bus lanes on 
both sides of Jasper avenue (approaches 2 and 8). These two 
bus lanes would carry an average of 3399 passengers at the 


peak hour, and the rest of the pavement (4 lanes) an average 
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of 1700 passengers (these figures come from actual traffic 
counts done in June 1973 at the a.m. peak). We use a cycle 
length of 75 seconds and optimize the timing plan through 
variations of green splits and offsets. For the green 
Splits, we consider independently the two intersections and 
we run the simulation program for ali the possible 
distributions of green time. We have assumed a lost time of 
1 section of cycle (75/20=3.75 seconds). Figures V-2 and V-3 
Show the plotting of the results. The curves present a 


minimum which happens for the optimum green split. 


A detailed study of these two plots allows us to 
point out some first results concerning this’ particular 
problen. 

* The minimum passenger delay is reached at the intersection 
numper; 1 see Fig. V-2) when thefeffective’ green is around 
25 percent of the cycle for the approach number 1 (North). 

* For the intersection number 2 (see Fig. V-3), the minimum 
is reached with 45 percent of effective green at the 
approach number 5 (North). 

* The curves are Sharper for the intersection number 2 than 
for the intersection number 1. This is explained by the fact 
that the intersection number 2 is much more loaded by 
traffic and, therefore, a mistake in the percentage of green 
would create a much greater increase of delay than at the 
intersection number 1. In other words, the range of 
variation of green split which is possible without any 


saturation is smaller. 
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some other conclusions can also be drawn 
concerning the creation of reserved bus lanes on both sides 
of Jasper Avenue between 101 and 102 streets. 
* The left branches of the curves (see Fig. V-2 and V-3) are 
not very affected by the bus lanes because we are close to 
Saturation on 162 and 101 streets and, as a consequence, 
there is no problem on the avenue. One could state that in 
undersaturated conditions, the restriction of some lanes for 
transit buses does not affect the delay at signals. 
* On the contrary, the right branches of the curves are 
displaced by the creation of bus lanes. This means that 
Saturation is reached more rapidly on the avenue. This is 
due torcthe fact that, on a restricted “width, with a iow 
percentage of effective green, the bus lanes create a 
substantial increase of delay to the other vehicles. The 
Simulation has Shown that, with Edmonton conditions, 
Saturation was always starting on the restricted width of 
the approach rather than on the proposed bus lanes. 
* Simulation also Shows (see Fig. V-2 and V-3) that the 
minimum total passenger delay, as well as the percentage of 
green for which this minimum happens, stays practically 
unaffected by the creation of bus lanes. The shift of this 
lowest point on the plots is almost not significant at the 


intersection number 2 and non-existent at the intersection 


number 1. 


One should keep in mind that, in this first step 


of the optimization process, these two intersections are 
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considered as separate problems. To complete the study, one 
must link the two intersections together and make the bus 
lanes continuous from one intersection to the other. This 
will constitute the second step of this process through 
which the proper offset between the two intersections will 
be found. We define the offset, in this example, as being 
the time difference between the beginning of the effective 
green at the approaches 6 and 2. AS a consequence of the 
linkage of the two intersections, the approaches 2 and 8 
become internal in the network; the six other approaches (1, 
3, 4, 5, 6 and 7) stay external to the network and, 
therefore, since the cycle split remains optimum at the two 
intersections, the passenger delay does not vary at these 
approaches. The offset is the only variable in the timing 
plan and, hence, only the internal approaches (2 and 8) will 
be affected. Figures V-4 and V-5 show the variation of thea 
passenger delay with the offset. The analysis of these two 
curves allows us to draw the following conclusions: 

* For both approaches, the variation of offset creates a 
very . important variation of delay; a proper offset can even 
reduce the delay to a value very close to zero (Fig. V-4). 

* The creation of continuous bus lanes on both sides of 
Jasper avenue between 101 and 102 st. makes the maxima 
higher and the minima lower on the delay curves. In other 
words, the curves representing the Situation with bus lanes 
are much sharper. This indicates that the optimum offset 


should be set with more care when there are reserved lanes. 
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If it is the case, we can reach reductions of delay of about 
1.5 passengers*hours by creating bus lanes. 

* Maxima and minima on these curves are reached for about 
the same values of the offset whether or not there are bus 
lanes. This means that the implementation of bus lanes can 
generally be achieved without altering the offsets, if they 
are already optimun,. 

* The offsets which give the minimum passenger delay for the 
approaches 2 and 8 are not equal. Yet, in actual fact, the 
offsets must be the same for the approaches 2 and 8 since 
there are on the two ends of the same section of avenue. 
Hence the best offset will be the one which gives the 
minimum total passenger delay for both approaches 2 and 8. 
Figure V-6 shows the plotting of this total passenger delay. 
The curves have very similar shapes; the creation of bus 
lanes only makes them a bit sharper. One can also notice 
that the creation of two bus lanes on both sides reduces the 
passenger delay by 1.5 to 15 percent depending on the 


offset. 


Tn conclusion to this particular restricted study, 
assuming these network and traffic conditions, one could 
state that, with a common cycle of 75 seconds: 

a) 19 seconds (25 percent of 75, see Fig. VY-2) is the ‘best 
effective green time for the approaches number 1 and 3. 

b) 52 seconds (70 percent of 75) is the best effective green 
time for the approaches 2 and 4. 

c) 33’. seconds (45 percent ot 75, See Fig. V-3) 15 the best 


effective green time for the approaches 5 and 7. 
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d) 38 seconds (50 percent of 75) is the best effective green 
time for the approaches 6 and 8. 

e) 4 seconds (5 percent of 75) is the best offset between 
the starts of the effective green at the approaches 6 and 2. 
f) With this timing plan, the creation of two continuous bus 
lanes on both sides ot Jasper Avenue would reduce the 
passenger delay by about 15 percent on the concerned 
approaches. This result holds true when a third intersection 


(Jasper Avenue and 100 Street) is added to the network. 
2,.OPTIMIZING A TIMING PLAN 


This section deals with the main use of the 
Simulation model, since the passenger delay at the 
signalized intersections is the most important result of our 
calculations. Actually, this model was designed with the 
original idea of being used to optimize dynamically the 
timing plan on a signalized network. A further research 
project could eventually (see Chapter VI) ilead to such 


implementation. 


In the following pages, we study the case of an 
actual network in downtown Edmonton (see Figure V-7) on 
which the computer simulation has been applied. This network 
= constituted by (9s \intersections ‘and 43] -dittersn: 
approaches. Figure V-7 shows the numbering of the 
intersections and approaches. The study is based on the a.m. 
peak traffic counts in early summer 1973. The only variables 
in the optimization process are related to the timing plan. 


All the rest of the data is not supposed to vary. 
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In a first step, we are interested in the common 
cycle length. On the two-way streets, where the main problen 
is to find the offsets for both directions, one should use 
cycle lengths of about two times the best offsets. In cther 
words, the signals should be roughly alternate on all 
Ganeseutive Gntersecttons on the two-way streets. This is 
only possible when the distances between intersections are 
the same over the network. In our particular case, we use 
the average size of a block and the average speed to 
determine the best cycle length: 55 seconds (twice the 


average best offset between two consecutive intersections). 


In a second step, offsets are chosen on all the 
links. Quite often the rule of alternate green cannot be 
followed because of too many inter-relations created by 
various next eee on the network. In such a case, 
we take a guess and use an average value for initialization. 
At this stage, the first run of the model can be made on the 
computer. We get in our example a total passenger delay of 


189.0 passengers*hours. 


The last step of the optimization process only 
involves computer calculations. Various runs are made using 
the same cycle length and altering the offsets at critical 
intersections where the passenger delay is especially high. 
The use of computer plotting (see Figure IV-6) of the 
pattern of arrivals and departures at these critical 
approaches is particularly useful in determining the 


alterations of the timing plan. Using such a procedure, in 
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our example, we get, after 10 runs of the simulation, a 
total passenger delay of 118.5 passengers*hours. A reduction 


of 37 percent has been implemented. 


In summary, this section shows how the simulation 
model can be used to refine an initial timing plan on a 
particular example. Some precautions must however be taken. 
First, it cannot be used easily to determine the best cycle 
length. This is due mainly to the external approaches, which 
delays are roughly proportional to the cycle length 
according to Webster's formula. This is also due to the fact 
that only optima can be compared and, therefore, one must go 
through the optimization process before being able to 
compare the results for two different cycles. Another remark 
must be mentioned in this regard: in our model, the average 
speed and the cycle length are considered as independent 
variables, This is only roughly true; to get more reliable 
results, one should study their relation and use different 


speeds for various cycle lengths. 
3. BANNING A LEFT-TURN 


The effect: of banning a left-turn can also be 
studied through simulation. Our model gives us results 
regarding an eventual reduction of passenger delay. In this 
section, we are going to study this phenomenon at a 


particular single intersection (Jasper Avenue and 109 


Street). 


At titeelecation,, the “Left-turns “are ‘presently 
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forbidden on the street and allowed at the two other 
approaches on Jasper Avenue. The eastern approach and the 
western approach carry respectively 18% and 6% left-turners. 
The Wse° of the |Simulation model ~for this particular 
intersection has shown that the suppression of left-turning 
movements would reduce the passenger delay by about 2 
percent at the two concerned approaches. The calculations 
were carried out with the actual setting for the signals. 
such a result (2%) is not significant because of the 
roughness of our calculations. We must keep in mind that it 
has been assumed that 5 percent was the best accuracy which 
we could expect. We shall therefore conclude that in this 
particular case the fact of banning these movements does not 


sensibly affect the passenger delay. 


This result has been obtained by using the actual 
timing plan for the signals. The use of different 
percentages of effective green will cause different degrees 
of saturation. The results from various computer runs with a 
large range of green periods Show (see Figure V-8) that: 
when the approach is close to saturation, the banning of a 
left-turn can considerably reduce the passenger delay. In 
our case, an effective green time of 22 percent 
corresponding to a degree of saturation of 6.82, gives a 
delay which can be reduced by almost 8 percent if the left- 
turns are banned. Taken to an extreme, when the degree of 
saturation reaches 1.00, the delay becomes infinite and the 


suppression of left-turners reduces it to a finite value. 


ie) a y 


aaalto ond ce ra Rewotta., res 
dd bee dosozaae ana 9299: aia 


ae Caw 
I ey li 
ik . 4 


“sazeatint~tist iy ‘bas ear riowbsaegass Mate}: 


1stwel taRq akad 08 fsbom foljsiumte PT: _~ 
“padawy-9t08 0 noieesaqque: ont sails: avode eed. | 
g tiods yd aten jepheseeg as poube ‘soe 
anobtafvetsd “eu? eodosaraae beatenao ows - se ? 
‘Sota oe ont Tom padsies isutoe. Os i toiw SUG. 
edt Tov veilsoed dnsvtitneia ton it tety | dues | 
“+t +eH3 Haim af coos tec, 3W sano ttelustsy IH0 oe 
doidw dastidon 2 aed od+ asw dneo%e4 c ‘tent peauaar. aod 
aids we todd. sMatees o1ststeds tisne og + F8g 9 “Aiwa 
nie #9Gh 2 {TaeMevoR seed t pninasd 30, $63 odd ‘be69 eT 


Yate Topmsasg sda) Soe " 


tha 


Lato Sit piten yd banissdo nap: aad alias nie 
tno7oR tb ip au ‘aah calpmpsey ott add aehy | 
2oe7pob: Jupastikb een 80 eae ast e eae Fo 29 Bw 

agke anit aetugno> euotaey sont atiweos adr witodte 

t teas Rese sawp ht ape) kode aboiteq. esse” ‘Be:  paieg 

oa ae eainaed ead ROLIeIy TBE, ‘ot. séofo-at doworqas ‘eas 
at ees ropAe a pHy toutes “widdisbiages nap: ere 
> Sota #8 to cos "neesp | SvEssetIS. coe aes: 

Be este ghee ao tot geawise: to. Soupets St at ‘i 


cE? 


Pal cy em Sie! a a 2 Seoubos od. Ha “ ‘ vi 
ads pe spon sexi nee eds | aa 


es, eset 9 09 $2 eeoube ibe ae rele a 8 By 
Py jae or 
fh _ ae 7 ies y f= 
’ oy \ 


55 


PERCENTAGE OF REDUCTION OF PASSENGER DELAY WHEN LEFT-TURNS ARE BANNED 


(IN PERCENT) 


U : 
25% 35% 45% 55% 65% 75% 


PERCENTAGE OF EFFECTIVE GREEN 


-PERCENTAGE OF EFFECTIVE GREEN 


PERCENTAGE OF REDUCTION 


QF PASSENGER DELAY WHEN 
LEFT-TURNS ARE BANNED 


FIGURE, ¥7&: 


THE EFFECT OF BANNING A LEFT-TURN 


56 


“, CHANGING THE MODE SPLIT 


Here is another example of the use of the 
Simulation model. It is: possible to evaluate through 
computer calculations, the effect of the change of the mode 
split on the passenger delay at signals. Such figures are 
very difficult to get through field testing, and, simulation 
is one of the few means which are available to us. In this 
paragraph we consider the network of 9 intersections which 
has been studied in the optimization of the timing plan. We 
assume constant occupancies of 1.3 and 25 for, respectively, 
private cars and transit buses. The total number of 
passengers over the whole network is not supposed to vary. 
We analyse, first of all, three different changes in the 
mode split: 

a) 5% passengers shift from buses to private cars, 

b) 5% passengers shift from private cars to buses, and, 

c) 10% passengers shift from private cars to buses. 

The results of the Simulation on these three cases are 
represented by Figure V-9. It is shown that the percentage 
of reduction of passenger delay is approximately equal to 
the percentage of passengers shifting from private to 
transit vehicles. This means, for example, that when 19 
percent passengers shift’ from cars to buses, there is a 
reduction of “about —~10—percent-(14.%-exactily)—in-the-total 


passenger delay at signals. 


Two other cases, which are very extreme, have also 


been studied: 
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OF REDUCTION OF THE TOTAL PASSENGER DELAY AT TRAFFIC SIGNALS 


PERCENTAGE 
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FIGURE V-9: 


THE EFFECT OF CHANGING THE MODE SPLIT 
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d) No buses (bus drivers'strike, for example): all the 
transit passengers shift to the automobile. In this case, 
Since people are pooling together more easily, we have 
increased the average occupancy of a car to an assumed value 
of 1.8. Calculations carried out on this basis show complete 
Saturation on some approaches. This means that , for such 
extreme situations, the timing plan cannot be kept the same. 
It has to be altered to handle this amount of vehicles. 

e) no private cars: all the passenger flow is handled by 
transit vehicles. In this case, we assume that the bus 
occupancy increases to 35 instead of being 25. There is no 
Saturation problem since the number of pcu's over the 
network is reduced to its lowest value. The delay reduction 


reaches 25 percent if the timing plan is kept the same. 


All these results should be looked at with much 
care. Two major reasons can mislead us in our analysis. 
Firstly, we have to stay aware of the fact that we are only 
studying delays at signalized intersections and, therefore, 
other delays which are also very important in any evaluation 
are not taken into account. Waiting times at the bus stops 
are some of them; they vary with the frequency of service, 
i.e. with the number of buses. Secondly, in these 
calculations, the mode split is the only variable. Other 
variables which we use in our computations are in fact 
related to it but our model considers them as independent. 
This does not affect the final results very much when shifts 
of 5 or 10 percent are studied. For more extreme conditions, 


results are probably biased. Some more relations concerning, 
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for example: 

the variations of occupancies with the mode split, 

the variation of the average speed versus the degree of 
Saturation (i.e. the mode split), 


are needed to represent better the actual situation. 


i 
A 
=» 
a 7 
een 


oe* 


 § 


aon a (ty : - coke: ‘show wats 


.n982 nose Leusose odd sada one 


- 7 


60 


on AUP .E Ret Vidi 


CONCLUSIONS AND RECOMMENDATIONS 
1. CONCLUSIONS 


This thesis investigated, through the use of a 
computer simulation, the various relations between passenger 
delay at signalizea intersections and the  tralliac 


conditions. 


Lip Agel Eest part °° (Chapters (Gri) hand. IN), -the 
Simulation is explained extensively. Calculations are 
carried out on the approach basis. For this purpose a 
comprehensive description of the network, the traffic and 
the timing plan is needed. The main results, given for each 
approach, deal essentially with passenger delay. Other 
figures, concerning occupancies, vehicular delay and number 


of stops are also printed out. 


The second part of this thesis (Chapter V) is an 
application of the simulation model to some specific traffic 
problems in Edmonton. Hence, the conclusions which are drawn 
are not general and only apply to the situation under study. 
The purpose of this second part is to give examples of real 
life applications of our model. Yet, through the analysis of 
the results that we get, one can state that, for similar 
conditions: 

1, The use of the model to optimize the timing plan is 
particularly useful. Starting with an initial signal setting 


calculated by hand, and, using the computer simulation to 
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guide us through the trial and error procedure, reductions 
of passenger delay of more than 35 percent can be reached. 
This significant reduction is essentially due to the facts 
that: firstly, most of the methods used to calculate by hand 
timing plans are designed to reduce vehicular delay (and not 
passenger delay); secondly, for simplicity, the turning 
movements are usually neglected when computing Signal 
progression by hand. 

2. Banning a left-turn at one approach is very effective 
when the approach is close to saturation. For undersaturated 
approaches (degree of saturation of less than 9.5), usually, 
the prohibition of an average left-turn movement (5% to 20% 
of the vehicles) does not produce a significant reduction of 
delay. 

3. A change in the mode split also affects the passenger 
delay at the signals. Approximately, the percentage of 
reduction of passenger delay can be expected to be equal to 
the percentage of passengers shifting from private cars to 
transit buses. 

4, The creation of a bus lane can reduce the passenger delay 
at signals by about 15 percent on busy, wide streets at the 
peak hour when more than 60 percent of the passengers are 
travelling in transit vehicles. However, one must be very 
careful in choosing a green progression when there are bus 
lanes. Passenger delay curves are much sharper and a mistake 
in choosing offsets or green splits could even produce an 


increase of delay in some cases. 
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2.RECOMMENDATIONS 


The main purpose of this research work ‘was, 
originally, to use the passenger delay at signals as a 
criterion to optimize dynamically the timing plan and 
regulate the traffic. In this thesis, a computer program has 
been written tsee Appendix C) to evaluate this criterion, 
the other data (traffic, network, timing plan) being given. 
Two further steps could be made: 

1. The optimization of the timing plan which is now done 
manually, using the results of simulation as a guide, could 
be performed by the computer. For this purpose, a flow-chart 
should be developed to calculate the alterations which 
affect green splits and offsets. At this stage, only ths 
data concerning the traffic and the network would have to be 
given. The best timing plan would be found out by the 
optimization program. 

2. The last step could be implemented by using dynamic 
traffic counts to feed the computer. For example, every 
third minute, the counts of the past three minutes could be 
used to determine the best signal settings for the following 
three minutes. One must be careful not to do this step 
unless a lot of field testing had been made before hand. 
Also, the regularity of the variations of the traffic flows 
throughout the peak hours, or some other specific condition, 
could not justify this last step. Such a use of the computer 
for dynamic regulation involves a lot of money and cautious 


economic studies must be done, 
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SATURATION FLOW 
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AcCcOndmngy to. shov. Webster isant 8B. Ms ‘Cobbe, the 
Saturation flow (Ss) expressed in through passenger car units 
per hour is supposed to be proportional to the width (w) of 
the approach. The Road Research technical paper No. 56 
(Webster and Cobbe, 1966) uses, for approaches more than 17 
feet wide, the relation s=160*w where w is expressed in 
feet. The effect of gradients, composition of. traffic; 
turning movements, pedestrians, parked vehicles and site 
characteristics are then studied. Yet, the relation abova2 
written does not represent properly Edmonton traffic. It 
probably fits better European conditions for which it has 


been established. 


In Canada, the use of larger cars and the smoother 
flow due to less loaded networks make the former relation 
unapplicable. Also, icy streets during the winter reduces 
considerably the traction and, Cree ik ie Saturation 
flow is much smaller. However, the type of formula does not 
seem to change and a proportional relation still works well. 
For these reasons, in our Simulation model, the ratio S/w 
(=SATUR) is set eae aris to field measurements made in the 


city under study. 


In Edmonton, with summer conditions, saturated 
approaches in the downtown area are properly represented at 
the peak hours by 78<SATUR<114. In our model we usually uSe 
s=92*w. This ratio should probably be reduced by about 30 


percent in the case of icy streets. 
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TEST OF WEBSTER *S EXPRESSION OF “DELAY 
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Webster's simplified expression of delay has been 
derived from simulation at the Road Research Laboratory in 
Great Britain. It seems useful to check its accuracy before 
using it with Western Canadian traffic conditions ({i.e. 


larger cars, smoother flow than in Fngland). 


For this purpose, measurements were carried out on 
one approach of an intersection in Fdmonton: 82nd Avenue and 
109th Street. Seven sets of cycle lengths with different 


green times and different flow patterns were tried out. 


The pattern of arrivals is plotted below; 
departures from the stop line are supposed to occur at the 
saturation rate. The area in between the two curves 
represent the total vehicular delay. 


average delay per peu = 1360/30 = 45.5 second 
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Then, using the Webster'simplified expression we 
compute the average delay per passenger car unit. We have: 


g = green time = 32 seconds,. 


Cc cycle time = 128 seconds, 
# = 9/¢>= 327129) = 0.25 pcuy/sec.., 
q = actual flow = 307128 = 0.23 pcu/sec., 


Ss = saturation flow = 1.23 pcu/sec., 


x = degree of saturation = q/ts = 0.74, and, 


In ‘conclusion, one can state that Webster's 
formula is accurate enough and applies fairly well (within 


5%) vo Edaonton traffic conditions. 
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APPENDIX C 


THE COMPUTER PROGRAM 
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LITAP)/IWILICIAP) ,ISPIODC IAP), IORGN(1eITAP) »,IORGN(2,TAP),TORGNO3,I1 AP), 
2ISTRTCIAP) » IAVNUCTAP) pIBSLACIAP) ¢PARKNCIAP) sp ILTPCCIAP),ITRPCCIAP),» 
SIRTPCCIAP),ILTBSC IAP), ITRBSCIAP),IRTBS(IAP) 


UXp TL UXeF Sale 4X oT Ge AX T4o UX eT 4e 3(1X513)) 


LIWOTH ILNGT JWILI ISPID JORGN IORGN TIORGN ISTRT IAVNU IBSLA PARKN 
2ILTPC ITRPC IRTPC ILTBS ITRAS IRTBSty/,7Xe7TCIVCIAP) "De '1 TAP 2, TAP 


LIAP),IWILICIAP) FS ISPIDCIAP) »pIORGN( 1, IAP) vIORGN(2, TAP) /IORGN(3eTAP), 
ZISTRTICIAP) oe IAVNUCTAP) p IBSLACIAP) sPARKN(IAP)sILTPCCIAP),ITRPC(IAP), 
ZIRTPCCIAP)sILTBS( IAP), ITRASCIAP),IRTBS(IAP) 

6 FORMAT (1H ,T2,3X¢13 (2X, T3,1X I p2xXsF5gl, O(2X Tu) 
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DIMENSION INTER(99) IDENT (99) IOPPO(99) o IWOTH 699) pILNGT (99) 
DIMENSION IWILI(99) oISPI0(99) 4 IORGN( 3,99) pISTRT (99) p TAVNU(99) 
DIMENSION IBSLA(99),PARKN(99) 

DEMENS TON TLTRE C99) -TIRPE (99), IRTPC(OQ) 
DIMENSION ILTBS(99),ITRBS(99) / IRTAS(99) 

DIMENSION TRPCUC99) ,PCUOC (99) »PCUDL (99) » TPCUD (99) »PASDL (99) 
DIMENSION DEPAR (20599) , QUEUE (20699) sDISCH(20,99) 

DIMENSION PQUEU (20299) ,PDISH(20,99) 

OIMENSION CALI6(99) 

DIMENSTON AFF C3) o11(3 

DIMENSION IBEGR(99),IRBERD(99) 

DIMENSION 9090021), 00000621) o XXXxx (21) 

DIMENSION TITLE (20,99) 

DIMENSION ALPHA(20) 

DIMENSION PCUST(99),PASTO(99) 


READ (5,13) APLOT —— 


FORMAT (C1iX,F4,2) 

READ (5,10) CAROC,BUSOC,EBSPC,IAREA,SATUR,ZRAL »RA2eESD 

FORMAT CUX FS elo LX oF 3s eOo LX oF Selo iXolT3SeF Solo lXoFUseoiXoFU,p2yF 3,0) 
READ (Se/il) MXNTR»MXIAP 

FORMA 1X+-Teretx,I 

DO 300 Iei,gMXIAP,1 

READ (5,12) IAP,INTERCIAP) ,IDENTC IAP) pp IOPPOCIAP) ps IWDTHC( IAP) »ILNGT ( 


FORMAT CIN, T2,1Xol2oiX Tio iXol ie Xp TA, 1X oT 3p S(IXp TA) IX eT 3e1X pT 3,1 


CONTINUE 

READ (S24) ICYCL 
FORMAT (1X,13) 
CYCLESICYCL 

DO 30 =1,MXJA 

READ (5/27) IAPsIBEGRCIAP),IBERD( IAP) 
FORMAT (3¢1X,I2)) 

CONTINUE 

DO 311 IAPSi,MxXIAPesi 

READ (5,310) (TITLECI,IAP),1T=1,2061) 


PRMAT L20A0)e us pale eee ge mene 
CONTINUE 


WRITE (6,25) 
FORMAT (1H1,6(/),59X%,'DATA CHECK! ,6(/)61X,'IAP INTER IDENT JOPPO 


API, LOCIX,' (TAP) I) 
00 S00 JAP=1,MXIAP,}1 
WRITE (6,26) TAP, INTERCIAP) »IDENT( IAP), IOPPOCIAP) ,IWDTHC IAP) pILNGT ( 


CONTINUE 
WRITE (6,14) MXNTR,MXIAP,CAROC,BUSOC,EBSPC,ITAREA,SATUR,RAS,RA2,ESD 


FORMAT (1H ,3(/),/!' WE HAVE 8 'sle,y! INTERSECTIONS! y/si2Xele,! OIF 


Weed tavjtice piers 
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1FERENT APPROACHES" /412XsF 3,14! PASSENGERS PER CAR')/512X%9F 300)! P 
2ASSENGERS PER BUS',/,! WE ASSUMES ',!'1 LARGE VEHICLE =',F5,25!' PC 
30Us NAS) PCU IN A QUEUE TAKES '/I3,!.SQU, FT, Ve /et2X/'SATU 

PPROACH WED THE a 


51 = 1,F4, Dads 12x, 'RAZ = pFUs2e/el2Xok STOP EQUIVALENT TO '5F3,0, 
6! SECONDS OF DELAY!) 


00 100 LAPS1,MKXIAP, 1 
ESILTPCCIAP) 
FEILTBS(IAP) 
ASE+EBSPCaF 


ESITRPCC(IAP 
: owe ie A=NUMBER OF LEFT-TURNING PCU'S 


BEE +EBSPC HF B=NUMBER OF THROUGH PCU'S 
ESIRTPC(IAP) C=NUMBER OF RIGHT-TURNING PCU'S 


FEIRTBS(IAP) 
CHEE BSPCaF 
OZA+B4C 
IF C(CICPPOC(IAP)) 17417,18 
TRPCUCIAP) = A#B4(D/10,0)41,25%(C9D/10,0) 
GO T0 ei 
TRPCUCIAP) = (€1,75%A)4B4(D0/10,0)91,25%(C€90/10,0) 
GO TO 21 

BPP 9 G G 
TRPCUCIAP) ) 
GO TO edi CAROC=CAR OCCUPANCY 
TRPCUCTAP) = (1,75%A)4B9C BUSOC=BUS OCCUPANCY 
GO TO et} SEE FIGURE IV-2 FOR PCUOC 
3 | ILTPCCIAP)+ITRPCC(IAP)+IRTPC(IAP) 

BStEAPHHEERBS CEAP H+ RIBS APY —_—__—__—_—_—_—___—_—— 

PCUOC (IAP) = (CAROCwA+BUSOC*B)/TRPCUCTAP) 
CONTINUE 


, “UL ATION—OF—DERAR{IFIME, TAP) 
DO 200 IAP=1,MXIAP, 3 . 


00 204 ITIME=1,20¢1 
DEPARCITIME,IAP) = 0,0 
CONTINUE 
IF CIORGN(1,IAP)#99) 31,300,351 

At-¥8-(IAP}_s_06 
GO TO 200 
DO 201 Js1i,3e1 
TRAFF (J) =0,0 
IF CIORGN(J,IAP)) 326201,32 
II@J) & JORGN(J,IAP) II(1), I1(2) AND I1I(3) 
—_ {UT DENT IAP }@LDENFEL EGI))) | ARE THE ORIGIN APPROACHES |-———— 
GO TO (34,355 365379344355 36) 0K 
A = IRTPCCIICJ)) 
Bs IJRTBSC(CIICJ)) 
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ent 


202 


208 


205 


TRAFF (J) & A+CEBSPC#B) 
GO TO 201 
WRITE (6,38) IAP 


GO TO 200 
A = ILTPCCIICJ)) 
B 3s ILTBS(II(CJ)) 
TRAFFCJ) = A*CEBSPC#B) 
GO TO 201 


B = ITRBSCIICJ)) 
TRAFF (CJ) = A*(EBSPC2B) 

GO. TO 201 

CONTINUE 

As 0,0 

A = AdTRAFF(J) 

CONTINUE 

CALIBCIAP) = (TRPCUCIAP))/(CA®PARKNCIAP) ) 
DO 203 J=1,3,1 

TRAFF CJ) = TRAFF (J) *CALIBCIAP) 

00 205 Jein3e4 

IF CIORGN( Je {AP)) 39,205,39 

EFFGR = IBERD(II(J)  #IBEGR(IICJ)) 

IF CEFFGR) 40,41,42 

EFFGR = EFFGR#20,0 


WRITE (6643) II(J) 


FORMAT (4Hi,60/)o1X—eIMISTAKE IN TIMING PLAN OF APPROACH NUMBER 
ite) 
GO TO 200 


A = (TRAFF(J)*CYCLE)/( 3600, 08EFFGR) 
RED ALCC SOI BECHCOMCLL Alen, 05 eee 1 tess 


Jie, 


I = IBEGRCII(J)) 41 

IF (1820) 215,215,216 A=NUMBER OF PCU'S RELEASED 

00 206 ITIME=I,20,1 DURING EACH SECTION OF THE EFFECTIVE 
DEPARCITIME,IAP) 3 A GREEN (SEE FIGURE IV-3) 

CONTINUE 


=_IBEROCTICI)) 

DO 207 ITIME=1,I,1 

DEPARCITIME,IAP) = A 

CONTINUE 

GO TO 205 

J = IBEGR(II(CJ))¢1 
BERDCIICJ) 

DO 208 ITIMF=SI,Kol 

DEPARCITIME,IAP) & 

CONTINUE 

GO TO 205 

CONTINUE 
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CALCULATION OF QUEUECITIME,IAP) 
DO 217 LTAPE1L,MXIAP, 1 


00 244 ITIME=1,2091 


CONTINUE 
IF (IORGN(1,1AP)#99) 243,217,243 
I = IBEROCIAP) =} 


VEHICLES HAVE TO FLOW 
Ea ve aan LOW TO REACH THE QUEUE 


218 DO 221 ITIME=K,20,1 
MS ITIME@LCILNGTCIAP) sIWILICIAP) pQUEUVE (CCITIME*1), IAP), IAREA,ISPID 
LCIAP),ICYCL,RAI RAS) 

225 IF (M) 226,226,227 

226 M = M420 


QUEUECITIME, TAP) = QUEVECCITIME®1), IAP) +DEPAR(Ms IAP) 

CONTINUE 

GO TO 217 

IF (J"20) 220,219,220 

MS LL CILNGTCIAP) ,IWILICIAP) ,QUEUE (C20, IAP)» IAREA,ISPIDOCIAP),ICYCL 
IF €M) 241,241,242 

M © Me#20 

GO TO 240 

QUEVE(1,IAP) S&S DEPAR(M,IAP) 
DO 222 ITIMES2,1941 


HEAP} QUEUE CHT FIME SL) TAP IT EAR 


ICIAP) ,ICYCL,RAL,RAC) 
228 IF (M) 229,229,230 
229 M & M420 
GO TO 226 . 
230 QUEVUECITIME,IAP) 2 QUEVECCITIME@1), IAP) +DEPAR(M,IAP) 
Hite... 
GO TO 217 
220 DO 223 ITIME=K,20,1 
Ms ITIME@LCILNGTCIAP)/IWILICIAP) pQUEVECCITIMEe®1),IAP),ITAREA,ISPID 
TC IAP),ICYCL,RAL,RAC2) 
231 IF (M) 232,232,233 
= 3 
GO TO 231 
233 QUEVECITIME,IAP) = QUEVECCITIME@=1),TAP)*#DEPAR(M,IAP) 
223 CONTINUE 
M ® LeLCILNGTCIAP),IWILICIAP) ,QUEVE (20,ITAP) eIAREAsISPIDCIAP) ,ICYCL 
1,RA1,RAC) 
3u—f F—( 6 3-235, 235, 236 —_—  ____ ___ 
235 M & M#20 
GO TO 234 
236 QUEVE CL ,IAP) = QUEVE(20,TAP)#DEPAR(M,IAP) 
DO 224 ITIME=2,Jol 
M = ITIME@LCILNGTCIAP) ,IWILICIAP) eQUEVE (CCITIME"1), IAP), TAREA,ISPID 
EAP-}y-IC¥ CL RAL» RAS ——_—______—_ a 
237 IF (M) 238,238,239 
238 M & M420 
GO T0 237 
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QUEVECITIME, IAP) & QUEVECCITIME®)), IAP) *DEPAR(My IAP) 
CONTINUE 
QUEUE (J, IAP) 


217 CONTINUE : 
00 291 ITIMES{,20,1 
PQUEUCITIME, IAP) SQUEUE CITIME, IAP) MPCUOC(IAP) 

291 CONTINUE 


WRITE (6,48) 
UB FORMAT (1H1,6(/),S6X, (QUEUECITIME,IAP)?,6(/),1X,'ITIME *# 


213 14 15 16 17 18 19 208 pS oIX, 'ITAP al, 
3127¢('«!)) 


WRITE (6,47) IAP, (QUEVECITIME, IAP) pITIMESI,2003) 
G7 FORMAT (C1H oiXeT2e3Xo'h!' -20C1X5F541)) 
502 CONTINUE 
WRITE (6,312) 
312 FORMAT (1H1,6(0/).56X, (PQUEUCITIME LAP) 's6C/)oIXetITIME * 
'e ° ) 


3127C'*t)) 
DO 313 IAP=1,MXIAPo1 
WRITE (62314) IAP, (PQUEUCITIME, IAP) ps ITIME=1,2001) 
314 FORMAT C1H »1XeTeg 3Xe at, 20CixXeF5e1)) 
al. Ny J 


CALCULATION OF DISCHCITIME,IAP) 


DO 250 JAPE1L,MXIAP,1! 


251 CONTINUE 
IF (CIORGN(1,1TAP)#99) 257,250,257 
A s IWDTHCIAP) 
B = SATURXA B=SATURATION FLOW IN PCU'S PIR HOUR 
BeCYCLE/(3600,0%20,0) | C=NUMBER OF PCU'S DISCHARGING THE 
1 = JBEGRC(IAP) QUEUE AT EVERY SECTION OF THE CYCLE 
J 2 IBERD(IAP) 7 
K s Jel 
IF (K) 252,2522253 
252 D = IBEGRC(IAP) 
—DO 254 ITIMEsT,20,{4 
E = ITIME 
DISCHCITIME,IAP) = Cx(E=0) 
254 CONTINUE 
DO 255 ITIMEEL Jel 
—E = ITIME 
DISCHCITIME,JAP) 2 Ca(F220, 0D) 
255 CONTINUE 
GO TO 250 
253 D0 = IBEGR(IAP) 
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DO 256 ITIMESI4Jy1 

E © ITIME 

DISCHCITIME, IAP) = Cxe(EwD) 
i u 


es 
ey 
DO 292 TAP=1,MXIAP, {4 THE QUEUE 


DO 293 ITIME=1,20,41 
POISHCITIME,IAP)=DISCHCITIME, IAP) ePCUOC (IAP) 
292 CONTINUE 
WRITE (6,50) 
S50 FORMAT ({£H1,6(/)s56X,'DISCHCITIMESIAP) ',OC/)sIXe'ITIME ® i 
1 ? 3 4 5 & 7 8 9 10 il 12 
213 {4 1S 16 17 18 19 20'e4e1X,!'IAP wines giX, 


DO 503 IAP={,MXIAP,}1 
WRITE (6,47) IAPs (DISCHCITIME, IAP), ITIME=1,20,51) 
503 CONTINUE 
WRITE (6,315) 
315 FORMAT (1H1,60/),56X,#PDISHCITIMES IAP) t,6C/)oiX,tITIME * i 


233 14 1S 16 17 18 19 20'p/e1X, TAP wigs elXs 
3Si27Ctxet)) 
O00 316 IAP=1,MXIAP,14 
WRITE (6,317) IAP, (PDISHCITIMES IAP) ,ITIMES1 22051) 
317 FORMAT (1H ,1XeTee3X,'u!,20(1X,FS5,1)) 
fn : tyd 


CALCULATION OF STOPS 
NSTOT=0 THIS PARAGRAPH ONLY CONCERNS 
DG 330 —FAPS4,MXTAP, | INTERNAL APPROACHES. 
IF (IORGN(1,IAP)=99) 331,330,331 THE INTERSECTION OF THE TWO 


ISIBEGRC(IAP) CURVES PQUEU AND PDISH GIVES 
JEIBERDC(IAP) THE NUMBER OF PASSENGER STOPS, 
DO 334 ITINESI,Jel 

QUEVELE TEMES EAP @ BES CHHFEYE, EAP} 355733553354 
CONTINUE 
GO TO 335 
0O 336 ITIME=I,20-e1 
IF (QUEUECITIME, IAP) eDISCH(ITIME,IAP)) 335,335,336 
CONTINUE 
DO—337-IFIMEStH 
IF (QUEUECITIME,ITAP)“OISCHC(ITIME,IAP)) 335,335,337 
CONTINUE 
PCUSTC(IAP)= DISCHCITIME, IAP) 
PASTOCIAP)=PCUSTC( IAP) *PCUOC (IAP) *3600,0/CYCLE 
NSTOTH=FLOAT(NSTOT) #PASTOCIAP) 
SON FINUE 
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CALCULATION OF DELAYS 
TPOSI = 0,0 
DO 260 TAPSt, HXIAPS 1 
TPCUDCIAP) = 0,0 
PASOL(IAP) = 0,0 
IF (IORGN(1,1AP)#99) 261,340,261 
DO 262 ITIME=1,20,1 
IF (QUEVE CITIMEsTAP)@DISCH(ITIMESTAP)) 262,262,263 
PCUDLIAP) = TPCUD(TAP)*(QUEUECITIME, IAP) mDISC 
CONTINUE 
GREENSIBERDCIAP)@IBEGR(TAP) 
IF (GREEN) 410,411,411 
GREEN=GREEN420,0 
ALABD=GREEN/20,0 
=(TRPCUCT 
DDDEXXXAXXX/ (4,08 (1 0=XXX)) 
TPCUDCIAP)=TPCUD (IAP) 400D 
PCUDLCIAP) = TPCUD(TAP)*3600,0/TRPCUCTAP) 
PASDLCIAP) = TPCUDCIAP)*PCUOC (IAP) 
TPDSI = TPDSI+PASDL(IAP) , 
0 TO 266 USE OF WEBSTER'S SIMPLIFIED 


GREEN = IBERDC(IAP)#IBEGRCIAP) EXPRESSION OF DELAY FOR 
IF (GREEN) 341,341,342 EXTERNAL APPROACHES 
GREEN © GREEN+20,0 
GO TO 343 
GREENSGREENXCYCLE /20,0 
O09 = TRPCUCTA 
ALABD = GREEN/CYCLE 
XXX = QQO/(SATUR*FLOATCIWDTHC(IAP) ) ®ALABD) 
QQQ = TRPCUCIAP)/3600,0 
PCUDL CIAP)=(0,9*CYCLE*(1,0@ALABD) %#2,0)/(2,0% (1g 0PALABDEXXX) #6049 
LAXXXHH2,0)/062,08NQQ8(1,0°XXX)) 
PCUOUTAM) oC P.OUDUOCTAPIRTRP CH VAP) YS 60080 na 


PASOL CIAP)=TPCUD(IAP) xPCUOC (IAP) CALCULATION OF PASSENGER STOPS 
YYYSQO0Q/ (SATUR*FLOAT CIWDTH(IAP))) FOR EXTERNAL APPROACHES 
EEE =(1,0=ALABD)/(1,0"YYY) 


PASTOCIAP) = EEEXTRPCUCIAP) xPCUOC (IAP) 
PCUST(IAP) = EEE*xTRPCUCIAP) *CYCLE/3600,0 
NSTOTENSTOT+PASTOCIAP) 

TPOSI = TPDSI*PASDLC(IAP) 

CONTINUE 


ON OF INDEX(TAP 

TINOX=S0,0 
DO 350 YJAP=1,MXTAP,1 
AZPASDL (IAP) +(ESORPASTOCIAP) )/3600,0 
INDEX(TAP)=A 
TINDXSTINDX+A 

ONTINU 
DO 351 IAPSi,MXYAPoI 
ASINDEXCIAP) 
BeA/(TINDX/MXIAP) 
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186 
Cs] 
IF (BeC0,.5) 352,353,353 


GO TO 351 


352 INDEXC(IAP)=sI 
351 CONTINUE 
WRITE (6,51) 
51 FORMAT (1H1,6(/)eS50X,'FINAL RESULTS OF SIMULATION!,6(/),! IAP 
RPA we p 3 s CUDLtTAR-3—_—__ FREUD Ap -¥ 
2ITAP) PCUSTCIAP) PASTOCIAP) INDEXCIAP)!) 
DO 504 YAP=1,MXIAP,] : 
WRITE (6,52) TAP,TRPCUCTIAP) ,PCUOC (IAP) ,PCUDL (IAP) ¢TPCUDCIAP) pPASOL 
ICIAP) sPCUSTCIAP) ,PASTOCIL AP) ,INDEX (IAP) 
S52 FORMAT C1H oLXelee PX oF bale LOX oF 4 gh ol OX oF Selo LIX FS eel OX pF 5,201 0X, 
oD 5X. So Ree 


~ 


8 t) 
504 CONTINUE 
WRITE (6,53) 
53 FORMAT (1H ,8X,! PCUS PASSENGERS SECONDS OF PCUS* 


LHOURS PAS,*HOURS PCU STOPS PAS, STOPS!¢/,24X,' PER P 
2cu DELAY PER PER HOUR PER HOUR PER CYCLE 

ove HU ° i P.EY PER OF FRAFEIC Q D A pokes 
& OF TRAFFIC'»/,39X,e! CYCLE') 


WRITE (6,54) TPOSI,NSTOT 
54 FORMAT (1H 4330/4) e1Xe' TOTAL PASSENGER DELAY AT SIGNALIZED INTERSECT 


{IONS = ',F7eig! PASSENGERS*HOURS PER HOUR OF TRAFFIC's/,!' TOTAL PA 
@SSENGER STOPS AT SIGNALIZED INTERSECTIONS =',19,!' PASSENGER STOPS 


DO 401 IAP=1,MXIAP,1 

GSIBEROCLAP)=IBEGR(IAP) 

IF (G) 404,404,405 
404 G=G6420,0 
GOS WEIWOTHC(IAP) 

POUL AP SAR a We G$204 63-4 0154-40474 02 

G02 WRITE (6,403) IAP 
403 FORMAT (1H ,!SATURATION ON THE APPROACH NUMBER ',72) 
401 CONTINUE 

WRITE (6,28) ICYCL 
28 FORMAT (1H 46(/)e¢28Xe'TIMING PLAN!',3(€/),!' CYCLE LENGTH = ',13,!' SE 

EOND S47 2443416 EAP HG 2 OMG HEBEGR Ly 24 Kg LIBER DL Gp USK eALIAR 1 UX, 

2ITAP)!) 

DO 302 YAP=L,MXIAPoi 

WRITE (6,29) IAP,IBEGR(IAP),IBERDC(IAP) 
29 FORMAT (1H ,»,!'APPROACH NUMBER !,I12,! EFFECTIVE GREEN STARTS AT ',y 

ile2,'! EFFECTIVE RED STARTS AT ',Ile) 
$2 BNEW A 

WRITE (6,55) 
55 FORMAT (11) 
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ee ee ee ee 
DO 270 IAPE1,MXIAP,1 
IF CCAPLOT*TPDSI)@PASDL(IAP)) 274,274,270) APLOT=PARAMETER CONTROLLING 
274 DO 272 L=1,2061 THE PLOTTING PROCEDURE 
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ALPHACTI)STITLECI,IAP) 

CONTINUE 

IF CIORGN(1,IAP)#=99) 273,270,273 
wl og, ets 1 
QOOOACITIME) SPQUEULLIT IME) )¢ IAP) 
DDDDOCITIME)SPDISH(CITIME #1), IAP) 
XXXXXCITIME) = (CFLOATCITIME)=1,0)*CYCLE/20,0 
CONTINUE 

Q0QQQ0(1)=2NBANR (21) 

oTeleiale = 

XXXXX€1)=0,0 

NDs2j 

NFsj 

KA=]j 

KBel 


HA=0,0 CGPL IS A GENERAL PLOTTING 

HBSCYCLE/5,0 ROUTINE FOR THE CALCOMP PLOTTER 

HCe5,5 ORIGIN/AUTHOR: R.H.COOPER AND R.F.HOWELLS, 
VA=0,0 UNIVERSITY OF ALBERTA 

VBE25,0 , 


=6 é 


10Us6 
CALL CGPL (CXXXXX,QQQ0Q,Z,NDy NF p KA, KB eg KOC, KD gp HA, HB, HC pVAeVBe VC op ALPHA, 
1I10U) 
NFS2 
CALL CGPL CXXXXXeDDDND,ZyNDGNF pKAe KB a KC oKD gs HA,HByHC pVA, VB, VC» ALPHA, 
6 


270 CONTINUE 
NF =O 
CALL CGPL(XXXXX,DDDDD,ZeNDy NF ep KA, KBs KC eK eHAsHBeHCpVA,VBeVCoALPHA, 
110U) 
STOP 


FUNCTION LCILN,IWI,QUE, TAR, ISP,ICY,RAL,RAC) 
ALNS(FLOATCILN) De (QUE*FLOATCIAR) )/FLOATCIWI) 
RAT = 1,0"ALN/FLOATCILN)@RAIL 

f (RAT) §49 3 : 

SPIsSISP 

GO TO 320 

SPISCFLOATCISP))*(1,0"RA2*RAT/RAI ) 
A=(ALN%®3600,0%20,0)/(SPI #5280, 0*FLOATCICY)) 
LeA 
IF (A#B#0,5) 321,321 4322 
Le_el 

RETURN 

END 
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CAPACITY: “maximum number of vehicles which has a reasonable 
expectation of passing over a given section of a lane or a 
roadway {3..) ‘during a given time period..." (8). It is 
equal to the saturation flow multiplied by the percentage of 
effective green, | 

CYCLE or CYCLE TIME or CYCLE LENGTH: the necessary length of 
time for the signals to come back to the same situation, 
BFFECTIVE GREEN: period of the cycle time during which the 
vehicles (Of a particular approach) are crossing the 
intersection. | 

EFFECTIVE RED: period of the cycle time during which the 
vehicles (of a particular approach) are not crossing the 
intersection. 

FXTERNAL APPROACH: approach where all the vehicles are 
coming from outside the network under study. 

EXTERNAL LINK: section of the roadway leading to an external 
approach. 

INTERNAL APPROACH: an approach which is not external. 
INTERNAL LINK: section of the roadway leading to an internal 
approach. 

LOST TIME: period of the cycle time during which no vehicle 
{at a particular intersection) is crossing the intersection. 
OFFSET: time difference between the beginning of the green 
light on two consecutive signals. 

SATURATION FLOW: “flow which could be obtained if there was 
a continuous queue of vehicles and they were given 1J0 per 
cent green time." (20). 


SPLIT ot GREEN SPLIT of PHASE SPLIT: the way the cycle is 
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divided into green, amber and red periods (for a particular 


traffic signal). 


